obJect Heterotopic ossification (HO) after cervical arthroplasty is not uncommon and may cause immobility of the disc. To prevent HO formation, study protocols of clinical trials for cervical arthroplasty undertaken by the US FDA included perioperative use of nonsteroidal antiinflammatory drugs (NSAIDs). However, there are few data supporting the use of NSAIDs to prevent HO after cervical arthroplasty. Therefore, this study aimed to evaluate the efficacy of NSAIDs in HO formation and clinical outcomes. methodS Consecutive patients who underwent 1- or 2-level cervical arthroplasty with a minimum follow-up of 24 months were retrospectively reviewed. All patients were grouped into 1 of 2 groups, an NSAID group (those patients who had used NSAIDs postoperatively) and a non-NSAID group (those patients who had not used NSAIDs postoperatively). The formation of HO was detected and classified using CT in every patient. The incidence of HO formation, disc mobility, and clinical outcomes, including visual analog scale (VAS) scores of neck and arm pain, neck disability index (NDI) scores, and complications were compared between the two groups. Furthermore, a subgroup analysis of the patients in the NSAID group, comparing the selective cyclooxygenase (COX)-2 to nonselective COX-2 NSAID users, was also conducted for each of the above-mentioned parameters. reSultS A total of 75 patients (mean age [± SD] 46.71 ± 9.94 years) with 107 operated levels were analyzed. The mean follow-up duration was 38.71 ± 9.55 months. There were no significant differences in age, sex, and levels of arthroplasty between the NSAID and non-NSAID groups. There was a nonsignificantly lower rate of HO formation in the NSAID group than the non-NSAID group (47.2% vs. 68.2%, respectively; p = 0.129). During follow-up, most of the arthroplasty levels remained mobile, with similar rates of immobile discs in the NSAID and non-NSAID groups (13.2% and 22.7%, respectively; p = 0.318). Furthermore, there was a nonsignificantly lower rate of HO formation in the selective COX-2 group than the nonselective COX-2 group (30.8% vs 52.5%, respectively; p = 0.213). The clinical outcomes, including VAS neck, VAS arm, and NDI scores at 24 months postoperatively, were all similar in the NSAID and non-NSAID groups, as well as the selective and nonselective COX-2 groups (all p > 0.05). coNcluSioNS In this study there was a trend toward less HO formation and fewer immobile discs in patients who used postoperative NSAIDs after cervical arthroplasty than those who did not, but this trend did not reach statistical significance. Patients who used selective COX-2 NSAIDs had nonsignificantly less HO than those who used nonselective COX-2 NSAIDs. The clinical outcomes were not affected by the use of NSAIDs or the kinds of NSAIDs used (selective vs nonselective COX-2). However, the study was limited by the number of patients included, and the efficacy of NSAIDs in the prevention of HO after cervical arthroplasty may need further investigation to confirm these results.
A nterior cervical discectomy and fusion is a commonly accepted surgical procedure for cervical radiculopathy and/or myelopathy caused by disc herniation or spondylosis. 4, 8, 11, 12 Cervical arthroplasty has been an emerging option for similar indications with the theoretical advantage of preserving motion and reducing adjacent-segment degeneration. The continual reports of 2-to 5-year results from several prospective randomized control trials of cervical arthroplasty have demonstrated excellent clinical results similar to those from anterior cervical discectomy and fusion. 5, 15, 25, 26, 30 However, whether cervical arthroplasty can provide protection against adjacent-segment degeneration remains debatable and needs more investigation to corroborate.
Heterotopic ossification (HO) after cervical arthroplasty was first reported by Parkinson and Sekhon in 2005. 28 This ectopic bone formation could limit segmental mobility and cause unintended fusion of the index level. 19, 22, 33 Interestingly, the reported incidence rates of HO after cervical arthroplasty in the literature were widely variable, ranging from 0% to 66.2%. 19, 22, 34, 36, 40, 41 During the followup evaluations most of the HOs were asymptomatic, did not affect segmental mobility, and required no reoperations. 9, [40] [41] [42] Nevertheless, a number of strategies were proposed to decrease HO, including copious irrigation during the milling process, avoidance of overdistraction, and optimal carpentry of the arthroplasty. 35 Nonsteroidal antiinflammatory drugs (NSAIDs) have been used as the standard of care to decrease ectopic ossification after large joint arthroplasty and spinal cord injury. 1, 2, 10 In many of the prospective randomized controlled trials by the US FDA for cervical arthroplasty, part of their protocol was to use NSAIDs for the prevention of HO. 5, 7, 15, 25, 26, 36 Using plain radiographs for screening postoperatively, the rate of HO appeared to be very low in these FDA trials. On the other hand, the rates of HO demonstrated in other retrospective studies were remarkably higher, despite having similarly used NSAIDs for prophylaxis. 34, [40] [41] [42] It is not clear if the discrepancy was caused by the method of determination for HO, the indications of arthroplasty, or patients' compliance with the prescriptions. This study aimed to investigate the protective effect of NSAIDs for HO after cervical arthroplasty. The formation of HO was detected by CT and the mobility of each artificial disc was measured for comparison between patients who had taken NSAIDs and those who did not.
methods
Consecutive patients who underwent 1-or 2-level cervical arthroplasty with a Bryan disc (Medtronic) at Taipei Veterans General Hospital in Taiwan from October 2006 to March 2009 were retrospectively reviewed. This study was approved by the local institutional ethics committee.
management protocol
Surgical indications included cervical radiculopathy and/or myelopathy caused by 1-or 2-level degenerative disc disease or spondylosis. After radiographs and CT scans, patients with the following conditions were not considered candidates for cervical arthroplasty: loss of segmental mobility due to advanced spondylosis or facet degeneration, segmental instability at the index level (> 3 mm translational instability or > 15° angular motion), greater than 50% collapse of the normal disc height, ossification of the posterior longitudinal ligament (OPLL), and diffuse idiopathic skeletal hyperostosis. Reports have demonstrated higher incidences of OPLL in Eastern Asian countries including, Japan and Taiwan. 39, 43 The patients with OPLL were excluded from the current study by preoperative CT scans even if the OPLL was of the segmental type. Patients with malignancy, infection, metabolic bone disease, severe systemic disease, or traumatic ligamentous injury were also excluded.
Generous decompression of neural elements by resection of bilateral uncovertebral joints and the posterior longitudinal ligament has been routinely performed before implanting an artificial disc. The endplate preparation and drilling procedures were performed under copious irrigation with normal saline to remove bone dust. Strict hemostasis was routinely achieved intraoperatively. A drainage catheter was routinely placed prior to wound closure to prevent hematoma formation.
Postoperative NSAIDs were routinely prescribed for 2 weeks if not otherwise contraindicated by allergy or other systemic diseases. The selection of NSAIDs was at the surgeons' discretion based on clinical judgments including pain scores and medical comorbidities (e.g., history of peptic ulcers, renal function, or cardiovascular risks). The prescription dosage and frequency of each kind of NSAID was based on its pharmaceutical instruction, generally equivalent to the defined daily dose. All patients were encouraged to begin early ambulation after cervical arthroplasty.
clinical and radiological evaluations
Data were collected prospectively and reviewed retrospectively. Clinical outcomes, including visual analog scale (VAS) and neck disability index (NDI) scores, were assessed within 5 days prior to the surgery and at 3, 6, 12, and 24 months postoperatively by 2 assistant specialists under supervision of the physicians. Standard anteriorposterior, lateral, and flexion-extension radiographs were obtained at the same time points postoperatively. Segmental ROM at the index level was measured with quantitative image analysis software (SmartIris, Taiwan Electronic Data Processing Co.). Cervical CT scans were acquired at follow-up more than 12 months after surgery to identify and grade the HO based on the classification proposed by McAfee et al. 21 Radiological interpretations of segmental ROM and HO formation were made by independent radiologists and 2 neurosurgeons (T.H.T. and J.C.W.) who were blinded to both NSAID and non-NSAID groups. Immobilization of the prosthesis was defined by less than 3° of motion on flexion-extension lateral radiographs.
Identification of Study Group
A chart review for postoperative NSAID use was performed. The patients were stratified into two groups: those who were administered postoperative NSAIDs (NSAID group) and those who were not (non-NSAID group). The non-NSAID group included those who did not take any pain medication and those who had been administered postoperative narcotics other than NSAIDs. A comparison of demographics and clinical and radiological outcomes was performed between these groups. To further evaluate the different effects of cyclooxygenase [COX]-2 selective and COX-2 nonselective NSAIDs, patients in the NSAID group were further subgrouped for comparison (i.e., the COX-2 selective vs the COX-2 nonselective group).
Statistical analysis
All statistical analyses were performed using SPSS software (SPSS Inc.) Continuous variables were analyzed using independent t-tests, whereas the categorical data were analyzed using the Fisher's exact test. A cutoff p value of 0.05 was considered statistically significant.
results
Eighty-eight consecutive patients who underwent 1-or 2-level cervical arthroplasty were retrospectively reviewed. Seventy-five patients (85.2%) completed the clinical and radiological evaluations for more than 2 years and were thus analyzed. There were 13 patients who were excluded from the analysis due to failure to give informed consent, inadequate evaluations, or lost to follow-up.
A total of 75 patients with 107 arthroplasty levels were evaluated. There were 51 males (68%) and 24 females (32%), with a mean age of 46.71 ± 9.94 years at the time of surgery. Forty-three patients (57.3%) had 1-level surgery and 32 patients (42.7%) had 2-level surgery. The mean clinical and radiological follow-up durations were 38.71 ± 9.55 and 26.33 ± 7.20 months, respectively. Among the 43 patients treated by 1-level arthroplasty, 5 (11.6%) were at C3-4, 6 (14.0%) were at C4-5, 30 (69.8%) were at C5-6, and 2 (4.7%) were at C6-7. Among the 32 patients treated by 2-level surgery, 1 (3.1%) was at the C3-4 and C5-6 levels, 2 (6.3%) at C3-5, 19 (59.4%) at C4-6, and 10 (31.3%) at C5-6 (Fig. 1) .
Both thin-slice CT scans and radiographs were used to evaluate the formation of HO. Among the 75 patients analyzed, 40 (53.33%) had HO formation of various degrees, which were confirmed and classified by thin-slice CT scans (Figs. 2 and 3 ).
NSaid and Non-NSaid groups
There were 53 patients (70.7%) in the NSAID group and 22 patients (29.3%) in the non-NSAID group (Table  1) . There were no significant differences between the two groups in age, sex distribution, and number of levels that underwent arthroplasty. The clinical outcomes, including VAS scores for neck and arm pain and NDI scores preoperatively and at 24-months follow-up, were not significantly different between the two groups. There was a lower rate of HO formation in the NSAID group than the non-NSAID group, but it did not reach statistical significance (47.2% vs 68.2%, respectively; p = 0.129). Similarly, a low percentage of patients in both the NSAID and non-NSAID groups had loss of mobility (< 3° ROM on the dynamic lateral radiographs) at the level that received arthroplasty (13.2% vs 22.7%, respectively; p = 0.318).
Selective and Nonselective coX-2 inhibitors
To further evaluate the effects of using different types of NSAIDs (selective and nonselective COX-2 inhibitors) for cervical arthroplasty, patients in the NSAID group were further divided into two groups: the selective COX-2 and the nonselective COX-2 groups. There were 13 patients in the COX-2 group and 40 patients in the nonselective COX-2 group.
There were no significant differences in age, sex, and arthroplasty levels between these two groups (Table 2) . Also, the clinical outcomes (VAS arm and neck scores, and NDI scores) were not significantly different between the two groups preoperatively and 24-months postoperatively. However, there was a nonsignificantly lower rate of HO formation in the selective COX-2 group compared with the nonselective COX-2 group (30.8% vs 52.5%, respectively; p = 0.213). There were similarly low rates of patients who had immobile arthroplasty in the selective compared with the nonselective COX-2 groups (15.4% vs 12.5%, p = 1.000). The types of NSAIDs, including selective COX-2 and nonselective COX-2 inhibitors, are listed in Table 3 .
complications
There was no neurological deterioration or any major complications in the series. Two patients had transient hoarseness with spontaneous recovery at 6 months and 12 months postoperatively. Another 2 patients experienced intraoperative CSF leakage without clinical symptoms or wound complications. A case of C-5 palsy recovered spontaneously at 3 months postoperatively. There was no need for any reoperations during the follow-up period in the series. There were no medical complications related to the use of NSAIDs, including gastrointestinal bleeding, renal function impairment, or liver function impairment.
discussion
This study, for the first time, specifically addressed the effect of postoperative NSAIDs in cervical arthroplasty. Moreover, we also investigated the different types of NSAIDs, for example, the selective and nonselective COX-2 inhibitors. The present study analyzed a cohort of 88 consecutive patients who underwent 1-or 2-level Bryan disc arthroplasty for symptomatic cervical disc degeneration or spondylosis. The follow-up rate was 85.2% with a mean duration of more than 3 years (38.71 months). More than two-thirds of the patients enrolled in this study had used NSAIDs (n = 53 in the NSAID group and n = 22 in the non-NSAID group). Interestingly, the rate of HO formation was not statistically different between the two groups. The common theory that NSAIDs adversely affect the process of bone healing could not be confirmed in this study. Moreover, there were no significant differences between selective and nonselective COX-2 inhibitors. All patients had similar neurological success and improvement in all the clinical outcome parameters, including VAS neck, VAS arm, and NDI scores. These arthroplasty patients, despite using or not using NSAIDs, or the kinds of NSAID used, had similar rates of HO formation, and the implanted artificial discs were similarly mobile during follow-up. To date, no other studies have investigated the issue of using NSAIDs to prevent HO.
There has been a theory that NSAIDs might decrease bone fusion via inhibition of COX catalyzed production of prostaglandins. It was reported that prostaglandins played a crucial role in bone healing by increasing the quantity and activity of osteoclasts to enhance bone absorption. Also, prostaglandins stimulate bone formation by enhancing the replication and differentiation of osteoblasts. 17, 20, 38 Therefore, NSAIDs are usually avoided in orthopedics when bone fusion is intended, for example in the clinical scenario of a long bone fracture. However, the avoidance of NSAIDs to enhance arthrodesis has not been supported by many clinical trials. Spinal arthroplasty adapted many experiences from arthroplasty for large joints in orthopedics such as the hip and knee, in which NSAIDs have been used for the prevention of HO. 10, 27 However, even for large joint arthroplasty, there are scant data demonstrating the actual efficacy of NSAIDs in the prevention of HO. The true mechanism of using NSAIDs to decrease HO is not clear. Furthermore, there are also different types of NSAIDs based on the types of COX inhibited in the phar- macological pathway. COX-1 is constitutionally expressed in normal bone, whereas COX-2 expression is stimulated during bone repair and inflammation. The antiinflammatory action of an NSAID is dependent on the inhibition of COX-2, whereas COX-1 inhibition is usually associated with unwanted effects causing interference in the regulatory and protective mechanisms. It is therefore inferred that NSAIDs affect the process of bone inflammation and healing more through inhibition of COX-2. There are some data suggesting that using both selective COX-2 inhibition and a nonselective NSAID should be done cautiously, because it could retard bone union in patients with a fracture. 37 Actually, selective COX-2 inhibitors may have a lower incidence of gastrointestinal bleeding, 13, 32 but their effect on bone healing remains uncertain. 23, 29, 31 There has been limited literature demonstrating the effectiveness of NSAIDs to prevent the formation of HO after cervical arthroplasty. The US FDA trials commonly incorporated 2 weeks of postoperative NSAIDs in the management protocol. 5, 25, 36 The types of NSAIDs, including selective or nonselective COX-2 types, were not specified in either of these published trials. Postoperative NSAIDs were routinely prescribed in the Prestige (Medtronic) and Bryan disc trials, but in the ProDisc-C (Synthes) study, the use of NSAIDs was left to the investigator's discretion. 5, 15, 25, 26 The incidence rate of HO with osseous fusion in the Prestige, Bryan, and ProDisc-C trials was 1 of 276, 0 of 242, and 3 of 103, respectively. These rates of HO were assessed using plain radiographs. However, the true incidence of HO formation remains uncertain because none of these trials used CT scans for evaluation of HO. Moreover, the reported incidence rates of HO formation after cervical arthroplasty varied greatly in the literature, from zero to as high as two-thirds of the patients. In a Mobi-C (LDR) study reported by Beaurain et al., with 76 cervical levels in 68 patients, HO formation was found in 67.1% of patients at the 2-year follow-up. 3 Mehren et al. reported a 66.2% HO occurrence rate at 1-year follow-up in a ProDisc-C series with 77 discs in 53 patients. 22 They also noted significantly higher rates in multilevel cases, although the presence of HO did not correlate with the clinical outcomes. A 29% occurrence rate of HO at 2 years after cervical arthroplasty was described by Heidecke et al. in a series of 54 patients with 59 Bryan discs. Also, loss of motion was observed in 12% of the implanted artificial discs, mostly due to high-grade HO.
14 Previously, from our team, Tu et al. reported HO formation in 48.1% of treated levels with a mean patient follow-up of 2 years, using CT scans for detection and grading of HO. 34 Leung et al. demonstrated a 17.8% rate of HO at 1-year follow-up in 90 patients who had undergone single-level disc replacement with a Bryan disc. 19 The above-mentioned studies involved variable prescriptions of postoperative NSAIDs, including both duration and types. The causes of such a tremendous disparity in the incidence rates of HO formation remain elusive. The variation could be attributed to the design and material of the artificial disc, timing and modality of evaluation, surgical indications, or idiosyncrasy. Age, sex, levels of surgery, indications for surgery, and the carpentry of arthroplasty were the reported factors that could affect the formation of HO after cervical arthroplasty. 6, 18, 24, 35, 36, 42, 44 In the literature, short to midterm clinical outcomes of cervical arthroplasty were not significantly impaired by HO. 34, [40] [41] [42] There was also heterogeneity in both location and morphology of HO formation. 16 Although the effects of different location and morphology of HO were not clear, it would not be surprising that those HOs that developed in the posterolateral disc space might cause nerve impingement and neural structure violation during motion. Because the current literature remains inconclusive regarding the clinical effects of HO, the long-term consequences definitely warrant more investigation.
There are limitations as well as strengths in this study. The major limitations are the retrospective study design and insufficient period of follow-up. Thus a prospective, randomized, and controlled study with a longer time frame for follow-up (e.g., more than 5 years) could provide more information about the clinical effects of NSAIDs and the formation of HO. The number of cases was not sufficient to demonstrate statistical significance of the effect of NSAIDs in the prevention of HO. However, the clear trend implied that NSAIDs might have some effects if tested in an improved study design, such as a prospective trial. The strength of this study was in using CT scans to detect and classify the formation of HO. Under this level of scrutiny, unlike other studies that used only plain radiographs to detect HO, higher specificity and sensitivity rates of detection for HO were anticipated. Furthermore, this is the first study to investigate the effects of NSAIDs on the formation of HO after cervical arthroplasty with an average follow-up of approximately 3 years. The findings may shed light on the management of patients who undergo cervical arthroplasty.
conclusions
In this study there were trends toward less HO formation and fewer immobile discs in patients who used postoperative NSAIDs after cervical arthroplasty than those who did not, but these trends did not reach statistical significance. Patients who used selective COX-2 NSAIDs had nonsignificantly less HO than those who used nonselective COX-2 NSAIDs. The clinical outcomes were not affected by the use of NSAIDs or the kinds of NSAIDs used (selective vs nonselective COX-2). However, the study was limited by the number of patients included, and the efficacy of NSAIDs in the prevention of HO after cervical arthroplasty may need further investigation to confirm.
